Single-photon ionization dynamics of two conformers of glycine is studied by classical trajectory simulations using the semiempirical PM3 potential surface in "on the fly" calculations. Initial conditions for the trajectories are weighted according to the Wigner distribution function computed for the initial vibrational ground state. Vertical ionization in the spirit of the classical FranckCondon principle is assumed. The dynamics of the two conformers are compared during the first 10 ps. The comparison shows very different dynamical behavior for the two conformers. In particular, the chemical fragmentation pathways differ in part. Also, one of the conformers gives much higher rates of conformational transitions, while the other conformer gives larger chemical fragmentation yields. Many molecules can rotate almost freely about single bonds and thereby interconvert between different conformers. These conformers are often close in energy and can coexist even at low temperatures. It is difficult for such systems to isolate a single conformer and to test for conformerspecific reactions. One technique that was employed for this is the mass-analyzed threshold ionization ͑MATI͒.
Many molecules can rotate almost freely about single bonds and thereby interconvert between different conformers. These conformers are often close in energy and can coexist even at low temperatures. It is difficult for such systems to isolate a single conformer and to test for conformerspecific reactions. One technique that was employed for this is the mass-analyzed threshold ionization ͑MATI͒. 1 Recently MATI was used for the state selective production of molecular ions. 2, 3 Different conformers were selected by tuning the vacuum ultraviolet ͑VUV͒ wavelength and different reaction dynamics was observed for these conformers. In particular, photodissociation of i-iodobutane ͑i-C 4 H 9 I + ͒ ͑Ref. 3͒ and 1-iodopropane ͑1-C 3 H 7 + ͒ ͑Ref. 2͒ was found to be conformer specific, occurring without interconversion between conformers. Another example of different chemical reactivity by different conformers is the rotational isomers ͑cis and trans͒ of formic acid in Ar matrix. 4 Cis formic acid has been shown to preferably dissociate by UV photolysis into H 2 and CO 2 , whereas the trans isomer dissociates into H 2 O and CO. Knowledge of the different mechanisms can help in getting complete control of a chemical reaction. [5] [6] [7] This is strongly related to the validity of statistical theories such as RiceRamsperger-Kassel-Marcus ͑RRKM͒. 8 The statistical RRKM theory has had great success in calculating the rate constant though quite a few exceptions for unimolecular processes are known. [9] [10] [11] [12] [13] [14] Statistical theories assume that for conformers that are close in energy and separated by low-energy barriers the system will rapidly loose memory of the initial conformer.
The objective of the present study is to explore the dynamics of processes including fragmentation for photoionization of two conformers of glycine which are nearly the same in energy and separated by a low barrier. Photoionization of biological molecules is obviously of interest in mass spectrometry. 15 Single-photon ionization corresponding to ionization by a broadband radiation source is modeled here. This yields events of different excess energies for different trajectories. The dynamical evolution after ionization is studied by classical dynamics calculations using the PM3 semiempirical potential-energy surface. 16, 17 This paper compares the dynamics after ionization of the global minimum conformer ͑conformer I͒ with that of the other isomer ͑con-former II͒. While the PM3 potential surface is not expected to be quantitatively accurate, comparisons with ab initio have shown 10, 18 that it semiquantitatively describes many features of the potential correctly. It is computationally much faster than ab initio methods. All calculations have been performed using the electronic structure package GAMESS. 19 The ͑neutral͒ conformer structures were computed, the zero-point vibrational wave functions were obtained, and the Wigner distribution function 20 for the positions and momenta were calculated.
For each geometry in the Franck-Condon regime, singlephoton ionization was modeled by vertical promotion into the ionic potential-energy surfaces and afterwards propagating it in time. The method used for the simulation is "on the fly" molecular dynamics 21, 22 that is implemented into the electronic structure program package GAMESS. 19 Each trajectory was calculated for 10 ps. A total number of 384 trajectories were calculated.
a͒ Author to whom correspondence should be addressed. Electronic mail: benny@fh.huji.ac.il Figure 1 shows the equilibrium structures of conformer I and conformer II computed from PM3. The energy difference between the conformers is 0.09 eV. These conformers are well characterized in the literature by calculations and experiments, e.g., spectroscopy. [23] [24] [25] [26] [27] The main difference between these conformers lies in the arrangement of the NH 2 group. At conformer I the N atom lies in the same plane as the C-COOH atoms. The hydrogens connected to the nitrogen are perpendicular to that plane. This conformer has C s symmetry. The two amino hydrogens interact with the carbonyl oxygen. Conformer II has an almost planar arrangement of the C-COOH atoms and a pyramidal arrangement of the C-NH 2 part of the molecule. The nitrogen lies out of the plane, whereas the hydrogens connected to it point into the plane.
A detailed analysis of conformer II photoionization dynamics is given in the previous study. 10 Important results are summarized here. Several trajectories show a fast internal rotation about the C-C bond. The potential energy as a function of rotation angle has two unequal wells. This corresponds to two stable conformers on the ionic surface. The molecule has to overcome a barrier in order to rotate freely. The barrier height is 0.11 eV by PM3 ͑0.28 eV by MP2/ DZP͒. For nearly all the trajectories the total energy of the ion is much larger than the barrier, but in some events the energy along the internal rotation is insufficient and the system can get stuck in one of the two wells. As energy flows back into the rotational mode "hopping" between the conformers can occur. The third interesting feature that happens is the C-C bond cleavage. This has been seen in two trajectories. The barrier height as calculated by PM3 is 0.93 eV. Two trajectories show hydrogen transfer from the amino group to the oxygen of the carbonyl group. Conformer 1 shows also these events, but to a different extent. This is summarized in Table I . From the table it can be seen that conformer I shows much more fragmentation and hydrogen transfer events than conformer II. The probability of fragmentation in photoionization of conformer II is low, about 2.7ϫ 10 −7 %. The probability of fragmentation in photoionization of conformer I is by a factor of 1000 higher. The reason for the low probability is the following one: Each trajectory is weighted according to the initial wave function, or Wigner distribution from which the initial conditions for the trajectories are sampled. Trajectories corresponding to tails of the Wigner distribution have quite low weights, so the events they describe have low probabilities. The yield for hydrogen transfer in the case of conformer I was found higher by a factor of 2 than for conformer I. On the other hand, ionization of conformer II shows more rotation and conformer hopping than conformer I. The probability for rotation of conformer II is 2.23% compared to 0.79% for conformer I. The probability for conformer hopping for conformer II is 21.55% compared to 2.35% for conformer I ͑results for conformer II in Ref. 10 had a numerical error͒. The probability for the rotational events is thus by an order of magnitude higher for conformer II. Rotation is favored if the NH 2 group is already distorted from the plane as it is for conformer II. Statistical theories assume that after a short time, the system forgets the initial conditions. This is not the case here. The processes show conformer specific dynamics, strongly dependent on the initial state, and therefore pronounced non-RRKM behavior is obtained. Almost all the fragmentations that were computed cleave the C-C bond. It has been shown theoretically that this is the lowest barrier for fragmentation in this system. [28] [29] [30] The main peak in the mass spectra measured shows the immonium ion ͑CH 2 NH 2 + ͒ ͑Refs. 31 and 32͒ which also corresponds to the C-C cleavage.
One fragmentation pathway of conformer I shows dehydration. In this trajectory, the NH 2 symmetric stretch was initially strongly distorted from the equilibrium position. The excess energy here is 5.4 eV. Snapshots of the dynamics are shown in Fig. 2 . Figure 2͑a͒ shows the initial geometry after ionization. Optimization of this structure leads to a transition state. The energy of this geometry was set to zero in order to serve as a reference point on the potential-energy surface.
After ionization the molecule is predicted by the calculations to be excited in the NH 2 symmetric stretch, as this normal mode was initially distorted from equilibrium. This motion brings the hydrogen near to the carbonyl oxygen. At 1.15 ps a hydrogen of the amino group hops to the carbonyl oxygen as can be seen in Fig. 2͑b͒ . The optimized transition state structure exists at the PM3 and MP2/DZP levels of electronic structure theory. The PM3 barrier is predicted to be 1.14 eV, whereas MP2/DZP predicts a relatively low barrier of 0.25 eV ͑with reference to the initial structure͒. In both cases the excess energy is much more than needed for overcoming the barrier, and a hydrogen transfer takes place. Though PM3 often fails to describe hydrogen bonds [33] [34] [35] the transition state structures of PM3 and MP2/DZP are almost similar. It can therefore be assumed that PM3 possesses the capability to describe the correct dynamics at least qualitatively. Figure  2͑c͒ shows the glycine conformer created after the hydrogen transfer. Optimization by PM3 and MP2/DZP leads to a minimum structure on the potential-energy surface. The relative energies compared to the initial geometry are 0.37 eV ͑PM3͒ and 0.18 eV ͑MP2/DZP͒. In both cases the energy is lower than the transition state and is accessible with the excess energy available in the system. After creation of the new conformer, the NH 2 -group starts to rotate about the C-C bond until it reaches Fig. 2͑d͒ , after that the amino group rotates back to its former structure. At 2.42 ps the hydrogen is transferred back to the nitrogen ͓Fig. 2͑e͔͒. The COOHgroup undergoes one and a half rotation about the C-C bond as it can be seen from Fig. 2͑f͒ . At 2.97 ps the hydrogen of the amino group is transferred to the hydroxyl group. A short time after that at 3 ps the O-C bond breaks simultaneously with the creation of a new O-H bond and a water molecule is formed and released. Optimization of the fragments favors the neutral water molecule and the positive glycine fragment over the ionic water and the neutral glycine fragment. The energy relative to the initial structure is predicted to be 1.65 eV by PM3 and 2.02 eV by MP2/DZP. The excess energy is at least twice this energy. The optimized structures are both stable geometries on the potential-energy surface. Qualitatively, PM3 and MP2/DZP show the same tendency for the fragmentation pathway. The probability of this pathway is 1.4ϫ 10 −7 %. This fragmentation pathway leads to a water molecule and a glycine fragment of m / z = 57. One mass spectra recorded for glycine 31 does not show this peak, the other one 32 shows a very small peak. The absence of the peak in the first mass spectra could have two reasons: first, the probability of this pathway is very small, so that the amount of the glycine fragment produced is little and cannot be measured. Second, the glycine fragment can fragment further to yield CO and CH 2 NH + . The excess energy in the simulation is enough to yield these fragments, but they are not created in the dynamics. In experiments, the excess energy can be much larger and the fragmentation can go further and yield CO, H 2 O, and CH 2 NH + . In summary, the new mass peak predicted by our simulation was seen at one experiment but not in another. The excitation energies in these experiments do not correspond to our simulations, and it should be very interesting to test the prediction for excitations that correspond to the model used.
In conclusion, we have studied the photoionization dynamics of two different conformers of glycine by PM3 semiempirical structure theory. Both conformers show rotation about the C-C bond, but to a different extent. Conformer I shows additionally a dehydration reaction. The two conformers studied here show different dynamics after photoionization. In this case, the conformers remember their initial state. The timescale of 10 ps studied here is not long enough in order to forget the initial state and, in particular, the dynamics is still affected by the structure of the initial conformer. This demonstrates the possibility of obtaining conformer- 
